Abstract. The Golgi-associated PDZ-and coiled-coil motif-containing (GOPC) protein controls the intracellular trafficking of numerous integral membrane proteins. Knockdown of GOPC increases activation of the mitogen-activated protein kinase-extracellular signal-regulated kinase 1/2 pathway and cancer cell progression in colorectal cancer. The present study aimed to clarify the correlation between GOPC expression and prognosis in colorectal cancer. Total RNA was extracted from 153 clinical colorectal cancer specimens and GOPC expression was evaluated using reverse transcription-quantitative polymerase chain reaction. The correlation between GOPC expression and clinicopathological factors was analyzed, along with the association of GOPC expression with overall survival (OS) and with recurrence-free survival (RFS). Lower expression of GOPC was significantly associated with a high frequency of venous invasion (P=0.001) and to poorer OS and RFS based on Kaplan-Meier analysis. In addition, multivariate analyses using a Cox proportional hazards model identified lower expression of GOPC to be an independent prognostic factor for colorectal cancer (hazard ratio=2.800; 95% confidence interval; 1.121-7.648; P= 0.027). Lower expression of GOPC revealed a high frequency of venous invasion and associated with poorer prognosis for patients with colorectal cancer.
Introduction
The mortality rate from colorectal cancer is the third highest in men (being behind that of lung and prostate cancer) and second in women (being behind breast cancer) in the United States (1) . Even when patients undergo curative surgery for advanced cancer, recurrence can still occur. Markers that relate closely to cancer progression and metastasis would enable early diagnosis and intervention. Thus, the identification of novel markers that predict cancer progression is important for planning clinical strategies. In addition, the identification of such markers could lead to the development of novel therapeutic agents. In colorectal cancer, various molecular-targeted drugs have been developed and clinically applied in previous years (2) (3) (4) (5) (6) (7) (8) . In addition, the assessment of specific genes including cancer progression gene sets via development of chip technology has led to tailor-made therapy.
The present study focused on the Golgi-associated PDZ-and coiled-coil motif-containing (GOPC) since it has been reported that the knockdown of GOPC in cells increases activation of the mitogen-activated protein kinase (MAPK)-extracellular signal-regulated kinase (Erk) 1/2 pathway. The MAPK-Erk1/2 pathway is a chief cellular signal transduction pathway that regulates cell differentiation, proliferation, survival and migration in colorectal cancer (9) (10) (11) (12) (13) . The present study aimed to elucidate the correlation between GOPC expression and clinicopathological factors and prognosis in colorectal cancer.
Materials and methods
Patients and samples. GOPC expression was assessed for each of nine clinical samples of colorectal cancer and normal mucosa using reverse transcription-quantitative PCR (RT-qPCR). An additional 153 clinical colorectal cancer samples were used to assess the correlation of GOPC expression and clinicopathological factors or prognosis. For immunohistochemical analysis, 10 normal colorectal mucosa and 10 colorectal cancer tissue specimens were used. ® qPCR Mix (Toyobo Co., Ltd., Osaka, Japan), 4.0 µl of water and 0.5 µl of each primer. The GOPC primers were: Forward, 5'-GTG GAT GTG GAT CTG CTC CT-3' and reverse, 5'-CCT CCA GCT TGT GGT TGATT-3'. Primers for GAPDH, the internal control, were: Forward, 5'-CAA CTA CAT GGT TTA CAT GTTC-3' and reverse, 5'-GCC AGT GGA CTC CAC GAC-3'. The normalization was performed by standard curve method (15) . The amplification protocol consisted of 55 cycles of: Denaturation at 95˚C for 5 sec, annealing at 60˚C for 5 sec and extension at 72˚C for 30 sec. The RT-qPCR experiment was performed 7 times.
Immunohistochemical staining. The expression of the GOPC protein was assessed by immunohistochemical staining of formalin-fixed and paraffin-embedded normal colorectal mucosa and colorectal cancer tissue sections. The surgical tissue samples were placed overnight at room temperature in 10% formalin before paraffin embedding. Briefly, 3.5 µm thick sections were incubated overnight at 4˚C using the rabbit polyclonal anti-GOPC antibody (dilution, 1:1,000; #ab37036; Abcam, Cambridge, UK) subsequent to immersion and blockade of endogenous peroxidase activity. The blocking was for 20 min at room temperature using VECTASTAIN Elite ABC horseradish peroxidase kit (Rabbit IgG; #PK-6101; Vector Laboratories, Burlingame, CA, USA). Hematoxylin was used for nuclear staining for 1 min. Dehydration was performed using 60, 70, 80, 90 and 95% ethanol for 1 min each, 100% ethanol for 2 min twice and xylene for 5 min, 3 times. The specimens were visualized on the light field using a confocal microscope BZ-X710 (Keyence Corporation, Osaka, Japan) and BZ-X analyzer (v. 1.3.0.3; Keyence Corporation).
Statistical analyses. Statistical analyses were performed using Fisher's exact tests to compare the differences between the two groups. The cumulative probabilities of OS or RFS were compared between these two groups by the Kaplan-Meier method with the log-rank test to calculate significant differences. Cases of non-curative resection were excluded from the RFS analyses. Univariate and multivariate analyses for OS and RFS were performed to evaluate independent prognostic factors using a Cox proportional hazards model. All statistical analyses were performed with JMP Pro software (version 11; JMP, Buckinghamshire, UK). P<0.05 was considered to indicate a statistically significant difference.
Results
Correlation between GOPC mRNA expression and clinicopathological factors. Firstly, RT-qPCR was used to assess the expression of GOPC in normal colorectal mucosa and colorectal cancer tissue in nine clinical samples. The Wilcoxon rank-sum test was used to assess the statistical significance. GOPC expression in normal colorectal mucosa specimens was significantly increased compared with colorectal cancer specimens (P= 0.002; Fig. 1A ). The GOPC expression in the additional 153 colorectal cancer specimens was then assessed. Data obtained from RT-qPCR was investigated to see if it fit Gaussian distribution with the Shapiro-Wilk test, and it did not. Thus, the median value was used to classify the higher (GOPC high) and lower (GOPC low) expression groups and clinicopathological characteristics were assessed based on the level of GOPC expression. Based on the median score to separate the GOPC high and low groups (Fig. 1B) , there were 77 GOPC high cases, and 76 GOPC low cases. The baseline characteristics are presented in Table I . The GOPC high group included 48 men and 29 women whereas the GOPC low group included 47 men and 29 women. The groups did not differ in the site of primary disease or size of the primary tumor, and CEA and CA19-9 levels also did not differ. In the analysis of clinicopathological factors, the proportion of positive venous invasion was significantly increased in the GOPC low group compared with the GOPC high group (P=0.001). Histological type, lymphatic invasion, depth of tumor invasion, lymphatic nodule metastasis, and TNM stages were not observed to differ between the two groups (Table II) .
Correlation between GOPC mRNA expression and clinical outcome. The correlation between GOPC expression and clinical outcome was assessed by comparison of the GOPC high and low groups. OS and RFS were assessed by the Kaplan-Meier method using the log-rank test. The Kaplan-Meier curves demonstrated that there was a significantly poorer OS in the GOPC low group compared with the GOPC high group (P= 0.015; Fig. 2A ). Univariate and multivariate analyses identified lymphatic invasion to be an independent prognostic factor for OS [hazard ratio (HR)=7.628; 95% confidence interval (CI), 1.441-141.2; P=0.012; Table III ].
The correlation of GOPC expression and RFS was assessed in 131 patients (22 of the 153 patients had undergone non-curative surgery and were excluded from RFS analysis). Adjuvant chemotherapy was used in 27 GOPC high and 24 GOPC low cases. The 4 regimens of adjuvant chemotherapy were: Uracil-tegafur with leucovorin; Uracil-tegafur with doxifluridine; Uracil-tegafur with irinotecan; 5-fluorouracil with l-leucovorin. Relapse was observed in 25 patients: 8 in the GOPC high group and 17 in the GOPC low group. The proportion of recurrence was significantly higher in the GOPC low group (P= 0.049; Table IV ). The Kaplan-Meier curves indicated that RFS was significantly reduced in the GOPC low group compared with the GOPC high group (P= 0.020; Fig. 2B ). Univariate and multivariate analyses identified lymph node metastasis (HR=2.861; 95% CI, 1.138-7.880; P=0.024) and lower GOPC expression (HR=2.800; 95% CI, 1.121-7.648; P=0.027) to be independent prognostic factors for RFS (Table V) .
In analyses according to each stage, OS in the GOPC low group was poorer compared with in the GOPC high group at stage III (P=0.044) and stage IV (P=0.054; Fig. 3) .
Expression of GOPC protein in normal colorectal mucosa and colorectal cancer tissue. Immunohistochemical analysis was performed to assess the protein expression of GOPC in 10 sections each of normal colorectal mucosa and colorectal cancer tissue. Representative staining of GOPC in the normal colorectal mucosa and colorectal cancer tissue was observed (Fig. 4) . GOPC protein expression in normal mucosa was increased compared with in cancer tissue and expression localized in the cytoplasm or cell surface membrane (Fig. 4A  and B) . As for the GOPC expression in cancer tissue, a high expression was observed at the surface of cancerous tissue, whilst low expression was observed at the invasive front ( Fig. 4C and D) .
Discussion
GOPC, also known as PDZ domain protein interacting specifically with TC10 or Fused in Glioblastoma (FIG) , and cystic fibrosis transmembrane conductance regulator-associated ligand, controls the trafficking of numerous integral membrane proteins from the trans-Golgi network to the cell surface (16) (17) (18) (19) . Its domain structure consists of an N-terminal region with two coiled-coil domains and a C-terminal PDZ domain (16) . The PDZ domain mediates interactions with frizzled, a Wnt receptor (16) , and TC10, a member of the Rho-family GTPases (17) . In addition, GOPC regulates various proteins including the soluble N-ethylmaleimide sensitive fusion protein attachment protein receptor (Q-SNARE) protein Table II . Correlation between GOPC expression and pathological characteristics. Table I . Baseline characteristics of the GOPC high and low groups. (23, 24) . To the best of our knowledge, no study has previously been published regarding GOPC and FIG-ROS in colorectal cancer. GOPC mRNA expression was evaluated in 153 colorectal cancer specimens by RT-qPCR and the correlation between GOPC expression and prognosis was analyzed. In the analyses of the clinicopathological factors, the proportion of venous invasion was significantly increased in the GOPC low group compared with in the GOPC high group, as was the proportion of cancer recurrence. The number of stage IV cases (11 in GOPC low, 7 in GOPC high) and the number of hematogenous metastasis cases (8 in GOPC low, 4 in GOPC high) were greater in the GOPC low group. Multivariate analysis for RFS identified lower expression of GOPC to be an independent prognostic factor.
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To compare the expression of GOPC mRNA and protein between normal colorectal mucosa and cancerous tissue, RT-qPCR and immunohistochemical analysis were performed. The expression of GOPC mRNA and protein in the normal colorectal mucosa was increased compared with cancer tissue, suggesting that the colorectal mucosa loses GOPC expression during carcinogenesis events. Immunohistochemical analysis demonstrated that the expression of GOPC protein in cancer tissue, particularly in front invasion of cancer, was lower compared with normal mucosa. Combined with the RT-qPCR and immunohistochemical findings of GOPC expression, this result suggests that loss of GOPC performs an important role in cancer malignancy.
GOPC also controls postendocytic sorting of several receptors toward lysosomal degradation (25-28) and reduces Table IV . Correlation between GOPC expression and adjuvant chemotherapy or recurrence. the amount of cell surface receptors (29, 30) . GOPC binds to G protein-coupled receptors with a PDZ ligand motif, including metabotropic glutamate receptors (31, 32) , the somatostatin receptor subtype 5 (30, 33) . It was recently reported that GOPC knockdown in the HEK293 cell line reduces internalized β1-AR and increases cell surface β1-AR (34) . Thus, activation of the MAPK-Erk1/2 pathway was induced increasingly by β1-AR agonists. The MAPK-Erk1/2 pathway is a cellular signal transduction pathway that can regulate cell differentiation, proliferation and cell cycle progression and is a major pathway inducing the progression of colorectal cancer (9-13). The present study revealed that lower expression of GOPC increases the risk of recurrence, metastasis, and a poor prognosis in colorectal cancer. In colorectal cancer, whether GOPC expression increases activation of MAPK-Erk1/2 via the β1-AR cascade remains unknown. In addition, although the present study suggested that the lower expression of GOPC increases the proportion of recurrence subsequent to chemotherapy, there is no report that has clarified the correlation of GOPC expression and chemoresistance. The authors are now preparing in vitro and in vivo assays focusing on the GOPC-β1-AR-MAPK-Erk1/2 pathway in colorectal cancer. The present study demonstrated that lower GOPC expression significantly correlates with poorer OS and RFS. To the best of our knowledge, the present study is the first to clarify the correlation between GOPC expression and prognosis in colorectal cancer and demonstrates that GOPC is a possible marker for poor prognosis in this disease.
